
Capacitated Delocation 
Models for Closing and 
Resizing Redundant Branches
Diego Ruiz-Hernández

Documentos de trabajo

Nº 10 año 2014

01  Introduction 

02  Related Literature

03  The Facilities Closing and Resizing Problem

04  Standard Formulations

05  The Capacitated Facilities Closing and Resizing Problem

06  Numerical Study

07  Conclusions



CUNEF

Colegio Universitario de Estudios Financieros

Entidad Titular: Asociación Española de Banca (AEB)

Centro adscrito a la Universidad Complutense de Madrid

C/Serrano Anguita, 8, 9 y 13 • 28004 MADRID

Telf.: 902 21 00 91 • Telf.: 91 448 08 92  

www.cunef.edu • e-mail: info@cunef.edu

 ISSN 2340-8049

CUNEF Publicaciones tiene como objetivo la difusión de trabajos 

realizados en CUNEF, en el ámbito de sus competencias, que se 

consideran de interés general. 

Las opiniones y análisis que aparecen en CUNEF Publicaciones son 

responsabilidad de los autores y, por lo tanto, no necesariamente 

coinciden con las de CUNEF. 

Se permite la reproducción para fi nes docentes o sin ánimo de 

lucro siempre que se cite la fuente.

 Documentos de trabajo, CUNEF 2014



Índice

Abstract ........................................................................................................................... 05

01.  Introduction ..............................................................................................................06

02.  Related Literature ................................................................................................... 07

03. The Facilities Closing and Resizing Problem ........................................................08

04. Standard Formulations ...........................................................................................09

 4.1  The Set Covering Location Problem  ..............................................................09

 4.2  Maximum Covering Location Problem  .......................................................... 11

 4.3  The p-Median Location Problem .................................................................... 12

05. The Capacitated Facilities Closing and Resizing Problem ................................... 13

06. Numerical Study ....................................................................................................... 17

07. Conclusions ................................................................................................................ 19

Appendix  ..........................................................................................................................20

References  ....................................................................................................................... 21

 



CUNEF PUBLICACIONES4



DOCUMENTOS DE TRABAJO 5

Abstract

The process of the merger and acquisition of fi rms within the same industry or economic activity introduces 

a number of questions regarding the management and operation of the resulting larger fi rm. One of the most 

challenging is the closing and resizing of redundant facilities in neighbouring areas.

During restructuring processes due to mergers and/or acquisitions, fi rms frequently face the problem 

of having redundant facilities competing with each other for the same group of customers or clients. The 

problem of closing down facilities in such a network has not been fully addressed in the literature, and, 

whenever it has been analysed, it has been orientated to shrinking services as a response to shifts in demand 

or to changing market conditions. In this paper we introduce a new facility closing and resizing model based 

on the capacitated facility location problem.

The model considers both, closing down and long term operation costs, and addresses the problem of resizing 

open facilities in order to accommodate customers displaced from those closed. We motivate the problem 

with an example from the banking sector and compare this to minor adaptations of standard location models 

to illustrate the advantages of our approach.

Keywords Facility Location; Delocation; Network Restructuring; Integer Programming; Heuristics.
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01. Introduction

The process of the merger and acquisition of fi rms within the same industry or economic activity introduces 

a number of questions regarding the management and operation of the resulting larger fi rm. One of the most 

challenging is the closing and resizing of redundant facilities in neighbouring areas.

Mainly in retail, but as well in industry, we fi nd that merged institutions face the problem of having facilities 

very close to each other, close enough to be redundant in the sense that they are aimed to providing service 

to the same set of customers. Formerly rival fi rms opened a number of facilities in order to capture market 

share from their competitors, or simply as part of a multimarket strategy orientated to be as close as possible 

to potential customers. This number of facilities is, on many occasions, larger than economically efi cient. 

Consequently, the merger of two or three of these fi rms, or the acquisition of a small fi rm by a larger one, may 

result in redundant facilities.

It is, therefore, necessary to fi nd an efi cient way to reduce the number of superfl uous facilities. As the 

current size of each of the redundant facilities may not be enough to satisfy the local demand after one of 

them has been closed, it may be necessary to resize the remaining premises in order to be able to maintain 

the same service level.

This framework poses an interesting location problem, opposite to the one traditionally found in literature, 

that has been referred by Bhaumic [2] as the delocation problem. Standard location theory considers the 

optimal location and number of facilities to be open with the aim of maximising demand coverage or market 

capture, maximising certain measure of profi t or benefi t, or equivalently, to minimize costs, etc. On the other 

hand, the delocation problem addresses the question of how many and which facilities to close, which ones 

to keep open and, out of them, which ones to resize. An interesting research fi eld, that surprisingly has not 

been fully addressed in literature.

It is interesting to note that few authors have tackled this issue, mainly in the wider context of complete 

restructuring. Most authors have considered at the same time the location of new facilities, closing down of 

superfl uous ones, and the relocation of others [3, 21, 27]. Only two cases [2, 23] deal with closing down of 

facilities, but in both the aim is the shrinkage or reduction of the service level due to contractions in demand.

This introduces a new and challenging problem in location analysis, namely, the closing down or delocation of 

redundant urban facilities within a restructuring process as a consequence of mergers or acquisitions. We have 

named it the capacitated facility closing and resizing problem. It extends the current literature by considering 

the case where the service level is expected to be kept constant and, at the same time, addresses the issue of 

capacity increase when the size of the remaining facilities is not enough for covering the local demand.

The practical nature of the problem will, in the future, allow us to test the methodological approach in real life 

situations with good quality data and to compare the results with decisions that have been taken in practice. 

From the business point of view, the application of the capacitated facility closing and resizing problem will 

empower a more efi cient allocation of resources by taking advantage of economies of location and scale. At the 

same time, avoiding redundancy may help to improve customer services, as well as to eliminate inefi ciencies 

resulting from redundant facilities competing for the same set of customers within one single fi rm.

In Section 2 we review and discuss the literature on facility restructuring. Section 3 describes the problem and 

introduces a motivating example. In Section 4 we propose minor adaptations of well known discrete location 

models (the set covering, the maximum covering and the p-median location models) to our framework. These 

modifi cations are used to illustrate the dynamics of the closing and resizing problem and as a benchmark 

for comparing the performance of the more ambitious formulation of the capacitated facility closing and 

resizing problem. In Section 5 we present the mathematical formulation of the problem of closing down a 

subset of capacitated facilities whilst maintaining a constant service level. Section 6 discusses the results 

of applying the proposed methodology to our motivating example and Section 7 provides some concluding 

remarks about the applications of this work.
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02. Related Literature

Over the last few decades Location Analysis has become an active research area. A number of important 

research papers been published from a wide number of areas of knowledge, from geography and economics, 

to management science and mathematics. A survey of the most representative models in location analysis 

is presented by Brandeau and Chiu [5], who provide an overview of the major location problems that have 

been addressed in literature and of the solution techniques used. More recently, Smith, Laporte and Harper 

[24] gave an excellent account of the evolution of the discipline including an extensive bibliography. It is 

interesting to note that none of these surveys mention applications in facility closing or delocation problems.

One of the earliest references to facility delocation problems is the paper by Wang et al. [27]. The authors 

study a budget constrained location problem for simultaneously opening and closing facilities. They address 

a bank branch restructuring problem in urban locations but concentrate on cases in which both opening 

and closing branches is allowed. The restructuring is seen as a response for changing market conditions, 

namely, a change in the spacial distribution of bank customers. The authors concentrate their eff orts on the 

development of heuristic techniques orientated to solve large instances of the problem.

Monteiro and Fontes [21], presented a non-linear restructuring model aimed to redesign a bank network on 

a regional framework by keeping, closing, opening and/or relocating branches. The objective is to achieve 

certain service level at a minimal cost. The authors account for the existence of economies of scale and 

develop a mixed binary, integer linear model which is later solved by means of a proposed local search based 

heuristic. The scope of their paper is the complete restructuring of a single institution’s network and deals 

simultaneously with openings and closings but does not address directly the issue of branch redundancy.

The fi rst paper that focuses exclusively on the closure of facilities is the one by ReVelle, Murray and Serra 

[23]. In their work, the authors address the need for the shrinkage of services when a fi rm is in a situation of 

fi nancial emergency. They explore two alternative models. Their fi rst model analyses the case of a fi rm that 

seeks to minimise the market share that is ceded to its competitors, when closing down certain facilities. 

The second model portrays the situation of a fi rm with no competitors that intends to reduce its services 

for economic reasons (e.g. to decrease costs or due to a reduction in local demand) but aiming to minimise 

the decay on its service quality. The authors ofi ered an example that demonstrates the usefulness of their 

approach.

In the most recent academic work on delocation, Bhaumic [2] concentrates on the study of a fi rm that needs 

to reduce its network due to an economic downturn or other business reasons. The paper provides two 

alternative models, the fi rst one is a fi xed-charge formulation of the facilities closing problem that does not 

account for the possible reallocation of demand nodes among existing facilities. The second model, the pure 

delocation model, takes into account the additional constraint that, whenever a particular facility has not 

been closed, the service to the related demand nodes must not be allocated to a difi erent distributor, i.e. 

only demand nodes that were served by closed facilities must be reallocated. A small example with 19 nodes 

illustrates both models.

Other relevant references of restructuring problems are the multi period frameworks of Klincewicz et al. [16] 

and Melachrinoudis and Min [17]; the applications to school system consolidation of Bruno and Anderson [6], 

Diamond and Wright [11] and Church and Murray [7]; and the applications to bank branch networks by Min 

[19], Boufounou [4], Morrison and O’Brien [22], Min and Melachrinoudis [20], and Miliotis et al. [18].

In practice, the most recent evidence of eff orts to restructure a business network is the project presented 

by the Industrial and Commercial Bank of China for the 2011 edition of the INFORM’s Edelman Award [3]. The 

bank presented a large scale branch confi guration project that aff ected their whole network in China. This 

project involves both the closing and opening of new branches and clearly highlights the practical relevance 

of the topic of facilities restructuring.
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03. The Facilities Closing and Resizing Problem

In this article we consider the problem faced by the management of a new fi rm that arose from the merger of 

a number of smaller business and has to restructure its network. The problem consists of fi nding the optimal 

subset of facilities to be closed (or, conversely, the set of facilities to be kept open) out of a collection of 

possibly redundant ones.

In this environment, there is no reason for shrinking services. Quite the reverse, the model aims to keep the 

same service level, as measured in terms of the number of customers and passers by served in a particular 

area. This is an important difi erence with respect to the works ofWang et al. [27], ReVelle et al. [23] and 

Bhaumic [2], who focus on service shrinking situations.

In a similar vein to Monteiro and Fontes [21], we develop a framework where the facilities are capacitated 

and consider the possibility of resizing. The resizing option is included in order to be able to handle the excess 

demand allocated due to the closure of a neighbouring facility. Extending the work of Bhaumic, we include 

information about the demand size corresponding to each of the nodes. In addition, on the same line as 

ReVelle et al., we consider the presence of competitors, which extends the scopes of Monteiro and Fontes 

and of Bhaumic.

We consider three main criteria that need to be fulfi lled: i) accessibility, the distance between a demand node 

and a facility should not be larger than a certain value; ii) redundancy, the distance between facilities should 

not be smaller than a minimal admissible bound; and iii) market capture, the distance to a competitor’s facility 

should not be larger than a pre-specifi ed limit.

The objective is to minimize the long term operation/closing down costs of the network whilst satisfying the 

three conditions above, and maintaining the same service level (as measured by the number of customers 

that the network is able to service).

Our model is motivated as an application to a bank branch restructuring problem. Due to the nature of their 

services, banks tend to open more branches than necessary in order to capture market share from their 

competitors; as part of a multi-market strategy (see, for example [13, 12] and [10]); or due to previous 

market overlaping strategies ([14]). Consequently, after the merger of two or more small or medium banking 

institutions, or the acquisition of a small savings bank by a larger fi nancial institution, we will expect to fi nd 

a large number of redundant branches. Hence the need of restructuring the network in order to eliminate 

superfl uous branches.

Moreover, the structure of a bank’s network has many features that are relevant to our facility restructuring 

problem. In particular, the possibility of distinguishing between two main groups of customers: branch 

customers (clients with an account registered in a specifi c branch) and passers by (clients of other branches, 

or even other banks, who demand a concrete service from the branch). This distinction will allow us to model 

in difi erent ways the customer reallocation and the resizing needs of the branches that remain open.

To bring these ideas into focus we now present a motivating example that will be used as the basis of analysis 

in Section 6. Consider a neighbourhood consisting of 42 demand nodes where three difi erent merging 

banks have 11 branches. The network is presented in Figure 1. The circles represent demand nodes; the 

boxes, merged bank branches; and the diamonds, the competitor’s branches. The numbers along the edges 

represent walking distances between nodes1. Each demand node is assigned a demand value (described in 

Table 2 of the Appendix). The branches have associated variables representing closing down and operation 

costs, number of customers registered at each particular branch, service capacity of the branch (i.e. the 

number of accounts that the branch can manage) and physical size of the branch (i.e. number of customers 

that can be held in the waiting area). Other variables and parameters related to the problem will be described 

in Section 6.

1  Please notice that walking distances in the Figure does not necessarily represent euclidean distances.
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04. Standard Formulations

In this section we introduce modifi cations to standard discrete location models in order to adapt them to the 

facility closing framework. The reader is refered to the book by Daskin [9] for a thorough discussion of the 

models presented in this section.

Figure 1. 42-Demand Nodes Network

4.1 The Set Covering Location Problem

The fi rst model class that we consider is a variant of the set covering location problem (SCLP). The objective 

is to fi nd the minimal number of facilities to cover the population within certain distance x and to determine 

their optimal location, out of a set of competing (open) facilities. We further extend the model to include the 

requirement that the minimal distance between two facilities should not be shorter than y. This formulation 

ignores the existence of competitors and concentrates on fi nding the minimal number of facilities necessary 

to cover the whole network with no redundancies.

Let nb and nd represent the number of open facilities and demand nodes, respectively. Then, I = {1, 2, . . . , nb}

is the set of facilities and J = {1, 2, . . . , nd}, the set of demand nodes. We defi ne the accessible set of demand 

node j ∈ J as Nj = {i ∈ I : d (i, j) ≤ x} and the redundancy set of facility i ∈ I as Vi = {k ∈ I : d (i, k) ≤ y} . Let Wi be a 

binary variable taking value 1 if facility i ∈ I is open. With these elements, the SCLP version of our problem 

can be formulated as

(4.1)
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subject to

The objective function (4.1) minimizes the number of open facilities. Constraints (4.1.1) are the accessibility 

constraints which require the model to keep open at least one facility in each demand node’s accessible set. 

Constraints (4.1.2) eliminate redundant facilities by requiring the model to keep open at most one premise in 

a redundancy set. Constraints (4.1.3) are binary conditions.

Remark

The SCLP, as formulated, may present multiple solutions. In order to deal with this, the manager can simply 

pick one of them using non-quantitative criteria; or, alternatively, she might be interested in including further 

constraints in the formulation. However, this may increase the dimensionality of the problem. An adaptation to 

the model is to consider minimising closing down costs. Here we include the facility closing down cost ci, i ∈ I, 

and modify the objective to

The new objective will be subject to the same set of constraints. If ci ≠ cj for all i ≠ j ∈ I, the uniqueness of 

the solution is guaranteed. Unlike the original formulation, in this case the number of closed facilities is 

minimized. A more complete alternative will consist on including the present value of the operation costs of 

open facilities over certain (fi nite or infi nite) horizon, pi, i ∈ I, and to modify the objective to

i.e. to minimize total closing down and operation costs. This objective is subject to the same set of constraints 

and the uniqueness of the solution guaranteed. In this case, the number of closed facilities is maximised.

(4.1.1)

(4.1.2)

(4.1.3)
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4.2 Maximum Covering Location Problem

The second standard formulation of our problem is a variant of the Maximum Covering Location Problem 

(MCLP). The objective is to determine the optimal location of a fi xed number of facilities, by maximising the 

(expected) population covered within certain distance. It relaxes the accessibility constraints (4.1.1) and 

allows for some demand nodes not to be covered within the prescribed distance.

We defi ne aj as the potential demand at node j ∈ J. It represents the maximum number of customers expected 

to be in the waiting area of a facility in busy hours. It usually includes the facility’s customers, residents of the 

area and passers by. Parameter b represents the number of facilities to keep open and Yj is a binary variable 

taking value 1 if node j ∈ J is covered. The MCLP formulation of our problem is presented below.

subject to

The objective (4.2), is to maximize the coverage in terms of the expected number of customers potentially 

served. Equality (4.2.1) specifi es the number of facilities that must be kept open. Constraints (4.2.2) are the 

same as (4.1.2) and stand for the no-redundancy condition. Constraints (4.2.3) are consistency constraints 

indicating that node j ∈ J will be covered (Yj = 1) if and only if there is at least one open facility in its vicinity 

set Nj . Constraints (4.2.4) are standard binary conditions.

(4.2.1)

(4.2.2)

(4.2.3)

(4.2)

(4.2.4)
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4.3 The p-Median Location Problem

The fi nal standard formulation under consideration is the p-Median Location Problem (p-MLP). Here the 

objective is to fi nd the optimal location of a number of facilities in order to minimize the mean distance 

between demand nodes and facilities, respecting the vicinity constraints. The p-MLP assigns one particular 

facility to each demand node and, in certain formulations, can be adapted to allow for backup services.

Let dij represent the distance between node j ∈ J and facility i ∈ I. The value j is the penalty incurred by 

customers in node j ∈ J when travelling a distance unit. It can be be trivially set equal to one or, as standard 

in literature, made equal to the node’s demand. Finally, Xij is a binary variable taking value 1 if node j ∈ J is 

covered by facility i ∈ I. The p-MLP formulation of our problem is given below.

subject to

The objective function (4.3) represents the weighted distance between demand nodes and facilities. 

Equality constraint (4.3.1) and constraints (4.3.2) have the same interpretation as before (see discussion 

following the introduction of the MCLP model). The equality constraints (4.3.3) indicate that each demand 

node must be assigned to one and only one facility. Note that this constraint can be relaxed in order to allow 

for backup services, (e.g. ∑i ∈ I Xij ≤ 2 will allow for any demand node j ∈ J to be covered by up to two facilities). 

Conditions in (4.3.4) simply state that demand node j ∈ J will be covered by facility i ∈ I, (Xij = 1), only if facility 

i is open (Wi = 1). Constraints (4.3.5) are standard binary conditions.

(4.3.1)

(4.3.2)

(4.3.3)

(4.3)

(4.3.4)

(4.3.5)
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05. The Capacitated Facilities Closing and Resizing Problem

In the standard capacitated facility location problem (CFLP) the objective is to fi nd a set of locations that 

minimize the sum of transportation costs plus the charge for opening facilities, while satisfying certain 

capacity constraints (please refer to Daskin [9], Brandeau and Chiu [5], and references therein for further 

discussion on this topic). The capacitated facilities closing and resizing problem (CFCRP) extends the CFLP by 

adapting it to the facilities delocation framework presented in this paper.

The objective of the CFCRP is to fi nd a number of locations that minimize closing and resizing costs whilst 

satisfying the accessibility, redundancy and capture constraints. The solution to the optimization problem 

is expected to guarantee the minimal impact on customer services (e.g., minimizing the number of accounts 

relocated due to facilities’ closure). This is achieved by including in the objective, costs associated to accounts 

relocation as well as customer transportation penalties. An additional condition to fulfi l is that the physical 

capacity of the remaining facilities must be enough to provide service to the local customers plus those 

displaced from neighbouring closed facilities.

In the CFCRP we distinguish between a facility expansion, meaning an increase in its virtual capacity (i.e., the 

number of its own customers that it is able to service), and a facility refurbishment or enlargement, which 

is an actual modifi cation of the facility’s physical space (usually to increase the waiting or service areas). In 

addition to the fi xed enlargement costs, we consider variable costs associated with the magnitude of the 

expansion, which depend upon the number of customers that will be accommodated in the waiting area, 

for example. As this size can be more easily defi ned in terms of “batches” of customers, we defi ne L as the 

number of customers that can be accommodated in a unit of waiting area space (e.g. a 4m2 increase in the 

waiting area will be able to host, in average, L = 5 additional customers).

In addition to the notation introduced in previous sections, we defi ne the following parameters:

Hk : vicinity set for competitor’s facility k ∈ K,

where K is set of competitors’ facilities and z the maximal admissible distance from a competitor;

Bi : customers of facility i ∈ I;

i : service or virtual capacity of facility i ∈ I;

i : physical capacity of facility i ;

fi : fi xed refurbishment cost of facility i ∈ I;

gi : fi xed (virtual) capacity expansion cost of facility i ∈ I;

vi : cost per additional customer batch allocated to facility i ∈ I;

rik : cost of reallocating a customer from facility i 2 I to facility k ∈ l;

M : very large positive number;
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We next describe the constraints of the CFCRP model. We distinguish between accessibility, redundancy, 

capture, service and physical capacity constraints. 

• Accessibility. At least one open facility should be accessible to each demand node,

• Redundancy. At most one facility must remain open in a redundancy area,

• Capture. There must be at least one open facility in a competitor’s neighbouring area,

• Service Capacity. The clientèle of a closed facility must be allocated to an open facility or facilities,

 where Bik represents the customers from facility i ∈ I allocated to facility k ∈ l.

 Only open facilities can be reallocated customers,

 If the capacity of a facility is exceeded, an expansion will be required,

 where Gi is a binary variable taking value 1 if facility i ∈ I needs expansion.

• Physical Capacity. The potential demand at each node has to be fully serviced by accessible facilities,

 where Zji represent the potential customers at node j ∈ J allocated to facility i ∈ I.

 Potential demand can only be allocated to open facilities,

(5.1)

(5.2)

(5.3)

(5.4)

(5.5)

(5.6)

(5.7)

(5.8)
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 Facilities whose capacity is exceeded will be refurbished,

 where Ti represents the number of customer batches allocated to facility i ∈ I in excess to its capacity; and 

Ri is a binary variable taking value 1 if facility i ∈ I needs refurbishment.

 If the capacity of facility i is not exceeded, the left hand side of (5.9) will be less than or equal to zero and 

Ti = 0 (because Ti appears with positive sign in the objective of the minimization problem). If, otherwise, the 

capacity of the facility is exceeded by mL + l then Ti = m + 1. Finally, in equation (5.10), if no refurbishment 

is required Ti = 0 and Ri = 0 (because Ri  is positive in the objective); otherwise, for Ti > 0, Ri = 1.

We fi nally include the standard binary and integer constraints for the model

The objective of the CFCRP is to minimise the sum of closing and resizing costs including customer relocation 

costs and customer transportation penalties. Hence, the objective function can be written as

where the fi rst term represents the total closing down and operation costs; the second term, the clientfi ele 

relocation costs; the third term provides the customer (passers by) transportation penalties; the fourth term 

represents the fi xed (virtual) capacity expansion costs and the fi nal term represents the fi xed and variable 

costs of the increase in facilities physical capacity.

To summarize, the CFCRP is given by

min F

s.t. Constraints (5.1) - (5.10)

 and  (5.11) - (5.13)

(5.9)

(5.10)

(5.11)

(5.12)

(5.13)

(5.14)
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Solution Approaches

Our formulation of the capacitated facilities closing and resizing problem (CFCRP) is equivalent to the more 

general capacitated facility location problem (CFLP). Consequently, it can be solved using the same exact or 

heuristic algorithms that have been proposed for the last one.

Sridharan [25] provides an account of difi erent heuristic and exact procedures that have appeared in the 

literature for the CFLP. Among the most commonly proposed methods we fi nd heuristic construction and 

heuristic improvement algorithms (see Jacobsen [15] and Teizt and Bart [26]); Lagrangian relaxation approaches 

(see Cornuejols et al. [8] and Beasley [1]); and Benders decomposition techniques (see Daskin, [9]).

One advantage of the CFCRP, in terms of computational complexity, is that dimensionality is not a serious 

concern as the number of nodes to analyse is reduced to a relatively small collection of, already open, facilities. 

It can be expected that, in most cases, branch and bound or a combination of construction algorithms 

together with exchange or local search improvement algorithms will report good results.
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06. Numerical Study

The variants of standard location problems, developed in Section 4, and the proposed capacitated facility 

closing and resizing problem of Section 5, were tested using the 42 node network presented in Section 3. 

The model was solved using LINGO.

In this example, 11 branches were formerly operated by three difi erent banks. After merger, some of the 

branches became redundant and the management faced the need of reducing the total number of branches 

at a minimum cost. The objective of the manager is to identify which branches have to be closed while 

satisfying certain accessibility, redundancy and capture constraints. At the same time, the manager wants 

to minimise the clientèle that has to be reallocated to other branches as well as the expenses derived from 

refurbishing and expanding open branches that receive customers beyond their current physical and service 

capacity.

For the numerical exploration, the accessibility criterion, the maximum distance that a customer must walk 

before arriving to a branch, is set to x = 8 distance units. The minimal admissible distance between own 

branches is y = 5 distance units. The maximum distance from a competitor’s facility is z = 6 distance units. 

As it is common in the literature, the travel penalties pj , were assumed to be given by the node’s demand, aj 

(demands are presented in Table 2 of the Appendix).

Figure 2. Solution to the 11 branches CFCRP

Closing down and operation costs are presented in Table 3. As Wang et al. [27] pointed out, the scale of 

these costs is not as relevant as their relative magnitudes. Following them, we defi ne the closing down costs 

as random values in an interval between 1/6 and 1/2 of the corresponding long term operation cost. The 

operation costs are random observations of a U (15000, 35000) random variable. The clientèle and capacity 

variables were defi ned in the following way: Bi ∼ U (50, 100); i ∼ U (100; 150); and i ∼ U (150, 200).These 

variables are presented in Table 3 of the Appendix. Variables f = 2500, g = 1500, and v = 500 were assumed 

identical for all branches. The variable rij = 25 ∙ d (i, j) and, fi nally, L = 10. 
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The results are presented graphically in Figure 2 and in Table 1. Evaluating the optimal solution of each 

alternative formulation on the objective of the CFCRP, equation (5.14), it can be seen (as would have been 

expected) that the CFCRP formulation outperforms all other models. In particular, the worst performance 

-in terms of costs- is the one of the MCLP formulation with three branches, given the fact that it ignores the 

accessibility constraint and, therefore, faces large customer reallocation, closing down and refurbishment 

costs. In terms of population coverage, the MCLP formulation with three branches (94% of population 

covered) does better than the p-Median one (92% of the demand covered in its best case). We fi nally notice 

that taking into consideration several cost sources makes the model to reduce the number of facilities closed: 

from only 4 facilities open in the SCLP formulation, to 7 in the CFCRP.

In our formulation, facilities A, E and K where refurbished in order to be able to accommodate demand left 

uncovered after closing facilities B, C, D and G. Virtual capacity of facility A was expanded in order to receive 

clients from closed facilities B and C. Branches E and F received the clients from D and G, respectively, 

however, capacity expansion is not required for this last two cases.

Table 1. Results for the 42-Demand Node Network
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07. Conclusions

The problem of closing redundant facilities without reducing the service level or coverage has not been fully 

addressed in literature. A few references exist of facility closing models aimed to shrinking services, either 

due to changing market conditions or to ceding market share. In this paper we propose a facility closing and 

resizing model based on the capacitated facility location problem.

The model addresses the problem of closing redundant facilities during restructuring due to mergers and 

acquisitions. It considers both, closing down and long term operations costs. The formulation takes into 

account capacity limitations and addresses the problem of resizing open facilities in order to accommodate 

customers displaced from closed ones. We considered, as well, the existence of competitors and imposed a 

capture-like constraint, asking the model to maintain at least one facility open in a competitors neighbourhood.

The model was motivated with an example of the merger of small saving banks into larger fi nancial 

institutions. The branch redundancy problem is typical of this sector due to multi-market and overlaping 

strategies by formerly competing banks. However it can be easily adapted to difi erent environments.

The model was tested in a 42 node network with 11 facilities. We compared the results of the proposed 

model to the ones of simple modifi cations of the set covering location model, the maximum covering location 

model and the p-Median location model. Notwithstanding that capacitated location problems in general 

graphs are NP-complete, we argue that simple heuristic methods can be used to solve the problem as the 

dimensionality tends to be small in most cases. Additionally, the wide variety of exact methods and heuristics 

available in literature for larger instances of the capacitated facility location model can be easily adapted to 

our framework.

Future work should take into consideration the fact that, under certain conditions, the closing and resizing of 

facilities may be simultaneous for several business, and that delocation decisions must consider the possible 

moves of other competitors. Another important factor is that demand has been modelled as in “heavy trafi c” 

hours. An extension to this model must consider demand uctuations and the fact that, in some cases, the 

fi rm will be interested in accepting the sporadic loss of some customers in order to reduce the costs of 

refurbishing some facilities.
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Appendix

Table 2. Demand Nodes

Table 3. Branch Information
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